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[571 ABSTRACT 
A thermal barrier coating system consists of two layers 
of a zirconia-yttna ceramic. The first layer is applied by 
low pressure plasma spraying. The second layer is ap- 
plied by conventional atmospheric pressure plasma 
spraying. This facilitates the attachment of a durable 
thermally insulating ceramic coating directly t the sur- 
face of a highly oxidation resistant NiAl-based interme- 
tallic alloy after the alloy has been preoxidized to pro- 
mote the formation of a desirable A1203 scale. 
10 Claims, 1 Drawing Sheet 
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PLASMA SPRAYED CERAMIC THERMAL 
INTERMETALLIC ALLOYS 
BARRIER COATING FOR NIAl-BASED 
ORIGIN OF THE INVENTION 
The invention described herein was made by employ- 
ees of the U.S. Government and may be manufactured 
and used by or for the Government for governmental 
purposes without the payment of any royalties thereon 
or therefor. 
TECHNICAL FIELD 
This invention is concerned with adherent and dura- 
ble plasma sprayed zirconia-yttria ceramic thermal bar- 
rier coatings on NiAl-based alloys or composites of 
arbitrary roughness. The invention is particularly di- 
rected to plasma spraying two layers of a ceramic coat- 
ing, the first being sprayed directly onto a NiAl-based 
intermetallic alloy. 
Intermetallic alloys are alloys that are formed by 
combining two or more metallic elements to produce a 
new material having an ordered structure with thermo- 
chemical, thermophysical, and environmental proper- 
ties that are significantly different from the starting 
elements. These intermetallic alloys are significantly 
different from the solid solution type of high-tempera- 
ture alloys that are known as superalloys. 
A prior art high temperature environmental coating 
not produce the ideal surface for ceramic layer adher- 
ence. 
NiAl-based intermetallic alloys do not require a me- 
tallic coating for oxidation resistance because- of the 
5 superior oxidation resistance of intermetallic alloys. 
These materials do require thermally insulating ceramic 
coatings for certain applications. 
It is, therefore, an object of the present invention to 
provide a ceramic coating that will bond directly to an 
10 intermetallic alloy and remain attached during high 
temperature cyclic exposure. Another object of the 
invention is to extend the life of components that are 
exposed to elevated gas temperatures. 
Still another object of the invention is to provide 
15 improved adherence of a ceramic thermal barrier coat- 
ing to an NiAl-based substrate whether it is smooth or 
grit-blasted. 
BACKGROUNDART 
Goward et al U.S. Pat. No. 4,248,940 is directed to a 
process for the coating of nickel-based superalloys with 
a graded thermal barrier coating of multiple layers, each 
having an increased proportion of ceramic materials. 
The concentration of gradient facilitates smooth transi- 
25 tion from a bond material having small quantities of 
ceramic material to a top layer thermal barrier coating 
which is predominantly of ceramic material. 
Gedwill et a1 U.S. Pat. No. 4,451,496 is concerned 
with a coating system comprising a metal/ceramic cer- 
30 met applied to a substrate with a metallic layer subse- 
20 
for the superalloy class of material comprises a single 
layer of an oxidation resistant metallic coating. A two- 
layer coating system has been proposed in which a layer 
of oxidation resistant metal is covered by a layer of 
thermally insulating ceramic material. The purpose of 35 the inner layer is an ahminide 
the metallic layer in a thermal barrier coating system is 
quently applied to the cermet layer. 
Naik U.S. Pat. No. 4,714,624 describes a method of 
applying a metal coating system comprising two metal- 
lic layers. The outer layer is an MCrAlY coating, and 
Vine et a1 U.S. Pat. NO. 4,861,618 is concerned with 
to protect the superalloy substrate against oxidation and a specific barrier coating for com- 
to provide a rough surface for the attachment of the for the me- prising a specific NiCoCrAIY tallic layer and a specific ZrOz--Y203. 
Gupta U.S. Pat. No. 4,897,315 discloses an alumi- 
nized MCrAlY coating. Merz et a1 US. Pat. No. 
5,032,469 describes a metallic coating of stainless steel 
plus titanium, zirconium, hafnium, niobium, tantalum, 
molybdenum and/or tungsten. 
DISCLOSURE OF THE INVENTION 
ceramic layer. 
Traditional thermal barrier coating systems for air- 
craft gas turbine engines typically utilize an outer layer 
of thermally insulating ceramic, such as zir- 
conia-yttria. The outer layer is applied to an inner 
layer of an oxidation resistant metallic bond coat, such 45 
as an MCrAlY alloy, where “M” may represent Ni,Co,- 
40 
. -  
Fe,NiCo, etc. This invention is directed to the application of a ce- 
In these prior barrier coating systems the 
by atmospheric 
ramie coating to a nickel based intermetallic substrate. 
The invention does not rely on the use of an adhesive Outer ceramic layer is generally 
pressure plasma spraying. The inner metallic layer is 5o coating. 
applied to a grit blasted roughened substrate by either 
atmospheric Pressure Plasma spraying Or low pressure 
plasma spraying. The surface of the Plasma sprayed 
bond coat in a traditional thermal barrier coating system 
is rough and convoluted. Consequently, this surface is 55 203. 
ideal for ceramic layer adherence. 
The bond coat layer in a traditional thermal barrier 
coating system is inappropriate for NiAMxi~ed alloys 
and composites because such substrates are highly oxi- 
dation resistant and thus do not require the oxidation 60 ing is just as effective as the previous coatings. 
resistance of a bond coat. Also, the additional weight of 
the bond coat is undesirable for any applications where 
According to the invention, coats of ceramic 
material are applied to the intermetallic substrate. First, 
the NiAl substrate is preheated in an oxidizing environ- 
ment which allows the formation of a thin of AI- 
Next, a thin layer of ceramic material is applied in a 
low pressure plasma spraying chamber. The pressure is 
raised to atmospheric levels for the application of the 
second thicker coat. The resulting thermal barrier coat- 
DESCRIPT1oN OF THE 
weight must be minimized. The objects, advantages, and novel features of the 
However, the atmospheric pressure plasma sprayed invention will be more fully apparent from the follow- 
ceramics of the prior art require a bond coat for opti- 65 ing detailed description when read in connection with 
mum adherence, and adherence to a smooth uncoated the accompanying drawing which is an enlarged verti- 
substrate is especially poor. While adherence may be cal section view of a substrate coated in accordance 





lower limit to the astual top surface temperature be- 
cause the top surface is not a black body. 
The coatine survived until delamination and failure 
BEST MODE FOR CARRYING OUT THE 
INVENTION 
The thermal barrier coating system of the present by spalling bGan at the top edge of the specimen at 231 
invention comprises two layers of a zirconia-yttria ce- 5 cycles. The spalled region grew to the hot zone at cycle 
ramic material. The first layer is applied by low pres- 294. This life, even though shortened by the edge effect 
sure plasma spraying. The second layer is applied by failure, compared well to the performance of conven- 
conventional atmospheric pressure plasma spraying. tional rougher (about 7 um or 270 microinch) Ni- 
This facilitates the attachment of a durable thermally CrA]Y/Zfl2-y203 coated specimens h a t  had been 
hSUhting ceramic Coating directly to the surface Of a 10 tested at 1200' in that burner fig. These specimens, 
highly oxidation resistant NiAl-based intermetallic tested in four specimen carouels, lasted 811 average of 
alloy after the alloy has been preoxidized to Promote only 186 cycles with the range being between 164 and 
207 cycles. the formation of a desirable AI203 scale. 
post test metallographic e x h a t i o n  of the axidly based to high temperature gases such as those found in 15 sectioned preexidked specimen revealed h a t  the outer 
turbine engines. An oxide scale 12 covers this surface. layer 18 of the ceramic thermal barrier coating 14 was 
direct contact with the surface scale 12 to protect the thoughout. Coating delamination and failure 
substrate 10 from the high temperature gases. The ther- cracking was 
mal barrier coating system 14 includes an inner layer 16 20 never observ& at the alumina/substrate interface and 
layer 16. 
In order to illustrate the beneficial technical effects of 
the invention, a substrate 10 in the form of a cast, large 25 
Referring now to FIG. 1, there is shown an NiAI- 
A ceramic therma1 barrier coating system 14 is in porous, while the inner layer 16 was denser, but micro- 
occurred within the microcrack 
that is plasma 'prayed Onto the surface scale l2 
and an Outer layer l8 that is plasma sprayed Onto the only wcasional]y would a crack extend to the outer region of the thermally grown alumina scale 12. 
DESCRIPTION OF THE ALTERNATE 
EMBODIMENT 
grain NiA1+Zr was ground to a 
very smooth surface finish Of 0'25 pm (lo microinch)' It is contemplated that the substrate 10 may be grit blast roughened. A N&l-based composite, for example, The casting had a 1.3 cm (0.5 inch) diameter and large 
grains between 1 cm and 3 cm. The composition of the 
aluminum and 0.1 atomic percent zirconium. 
In order to achieve a strong ceramic-to-substrate 
bond, a ceramic thermal barrier coating 14 of Zr02- 
first layer 16 of the ceramic material was deposited onto 35 grit 
the surface scale 12 of the preheated substrate 10 by low It is apparent that the use Of low pressure plasma 
pressure plasma spraying at 52 Kw(1050 A) using an spraying to apply a Ceramic Zirconia-fltria layer di- 
Ar-2.5% H2 arc gas. rectly to a smooth highly oxidation resistant NiAl inter- 
The second ceramic layer 18 was deposited by con- metallic alloy has been successful. It will be appreciated 
ventional atmospheric pressure plasma spraying at 35 40 that various structural modifications may be made to 
~ ~ ( 9 0 0  A) using an ~ ~ - 4 0 %  H~ arc gas. The inner the invention without departing from the spirit thereof 
ceramic thermal barrier coating layer 16 bonded to the Or the scope Of the subjoined claims. 
substrate 10 and had a surface roughness that was suffi- 
ciently rough to facilitate attachment of the outer layer 
18. This procedure eliminated the need for a conven- 45 
tional metallic bond coat because the low pressure 
plasma sprayed ceramic adheres well to the surface 
scale 12 even when this surface is smooth. 
Before the ceramic thermal barrier coating 14 was 
applied, the substrate 10 was preoxidized for about one 50 
hour at 1200" C .  This assured that a protective a-AI203 
scale 12 formed on the surface. 
The initial low pressure plasma sprayed ceramic layer 
16 was applied to a thickness of about 0.001 8 cm (0.0007 
inches). The remaining ceramic layer 18 was applied by 55 
atmospheric pressure plasma spraying to a sufficient 
thickness so that the total ceramic thickness of the coat- 
ing 14 was about 0.025 cm (0.010 inches). 
The quality of the thermal barrier coating 14 in terms 
of durability was evaluated in a burner rig. The rig 60 
burned JP5 jet fuel and 260" C. preheated air at a com- 
bustor pressure of 0.007 MPa (1 psi). The combustion 
gases exited the combustor through a nozzle at Mach 
0.3 and impinged upon a single rotating specimen. Each 
cycle consisted of six minutes in the flame and four 65 
minutes of forced air cooling. The test temperature was 
1200" C. The pyrometer reading of the uncoated end of 
the relatively short specimen was 1070" C. which is a 
NiAVAIN may replace the NiAl monolithic alloy. 
ters may be modified from those previously described. 
It will be appreciated that the application of the ceramic 
thermal barrier coating to NiAl is possible without 
intermetallic alloy was nominally 50 atomic percent 30 Plasma sprayed parameters and preo'dation parame- 
8w/o Y203 was applied directly to the substrate 10. The having to first a bond coat and without having to 
roughen the substrate. 
What is chimed is: 
1- A coated article o fnm~fac tu re  comprising 
an intermetallic alloy substrate having a surface ex- 
a scale covering said surface, and 
a ceramic thermal barrier coating in direct contact 
with said surface scale for protecting said surface 
from said gases. 
2. An article of manufacture as claimed in claim 1 
wherein the substrate is a NiAl based intermetallic al- 
lOY. 
posed to high temperature gases, 
3. A coated article of manufacture comprising, 
a NiAl based intermetallic alloy substrate having a 
surface exposed to high temperature gases, 
an a-AlzO3 scale covering said surface, and 
a ceramic thermal barrier coating consisting of two 
layers of ZrO2-8w/o Y203 in direct contact with 
said surface scale for protecting said surface from 
said gases. 
4. An article of manufacture as claimed in claim 3 
wherein the substrate comprises a NiAl+Zr intermetal- 
lic alloy. 
5. An article of manufacture as claimed in claim 2 
wherein the substrate surface is covered with an oxide 
scale. 
6. A coated article of manufacture comprising, 
5 
5,302,465 
a NiAl based intermetallic alloy substrate having a 
an a-AlzO3 scale covering said surface, and 
a two layer ceramic thermal barrier coating for pro- 
tecting said surface from said gases, said coating 
consisting of a first layer of a lower pressure plasma 
sprayed zirconia-yttria in direct contact with said 
scale and a second layer of an atmospheric pressure 
plasma sprayed zirconia-yttria covering said first 
layer. 
surface exposed to high temperature gases, 
I5 
6 
7. An article of manufacture as claimed in claim 5 
wherein the oxide scale is a-AlzO3. 
8. An article of manufacture as claimed in claim 3 
wherein the substrate comprises a NiAl+ Zr intermetal- 
lic alloy. 
9. An article of manufacture as claimed in claim 3 
wherein the substrate comprises a NiAl-based compos- 
ite. 
10. An article of manufacture as claimed in claim 9 
wherein the substrate comprises a NiAl/AlN compos- 
ite. * * * * *  
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